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ABSTRACT
We report on the detection of Ne viii in an intervening multiphase absorption line system at z =
0.32566 in the FUSE spectrum of the quasar 3C 263 (zem = 0.646). The Ne viii λ770 A˚ detection has
a 3.9 σ significance. At the same velocity we also find absorption lines from C iv, O iii, O iv and N iv.
The line parameter measurements yield log [N(Ne viii) cm−2] = 13.98+0.10
−0.13 and b = 49.8± 5.5 km s
−1.
We find that the ionization mechanism in the gas phase giving rise to the Ne viii absorption is
inconsistent with photoionization. The absorber has a multi-phase structure, with the intermediate
ions produced in cool photoionized gas and the Ne viii most likely in a warm collisionally ionized
medium in the temperature range (0.5−1.0)×106 K. This is the second ever detection of an intervening
Ne viii absorption system. Its properties resemble the previous Ne viii absorber reported by Savage
et al. (2005). Direct observations of H i and Ovi are needed to better constrain the physical conditions
in the collisionally ionized gas phase of this absorber.
Subject headings: cosmology: observations – intergalactic medium — quasars: absorption lines –
ultraviolet: general – quasars: individual (3C263)
1. INTRODUCTION
Cosmological hydrodynamical simulations of the grav-
itational assembly of matter suggest that most of the
baryons in our universe exist in the intergalactic medium
in multiple gas phases of temperatures and densities,
with the mass fraction in each phase evolving with
redshift (Cen & Ostriker 1999; Dave´ et al. 1999, 2001;
Cen & Ostriker 2006). Among these phases the shock-
heated warm-hot intergalactic medium (WHIM) is highly
significant, since it bears approximately 30 % – 50 % of
the baryonic mass fraction at low-z (Dave´ et al. 1999;
Cen & Ostriker 2006). The WHIM gas is predicted to
exist in the warm (105−106 K) and hot (106−107 K) tem-
perature ranges (Cen & Ostriker 1999; Dave´ et al. 1999).
Even though it is expected to be the dominant reservoir
of baryons at low-z, WHIM detections have been lim-
ited in the past. The shock heated gas is likely heavily
ionized (fH i = N(H i)/N(H) ∼ 10
−6) and hence spec-
troscopic observations of high ionization species or very
broad Ly-α lines are required to trace this gas phase in
the intergalactic medium (IGM).
In the UV wavelength regime, intergalactic Ovi has
been used as a probe of the warm component of the
WHIM. For an assumed [O/H] ∼ −1 elemental abun-
dance in the absorbing gas, it has been estimated that
the Ovi intergalactic absorbers potentially account for
5 % - 10 % of the baryon budget in the low-z uni-
verse (Danforth & Shull 2005). However, not all Ovi ab-
sorbers can be treated as tracers of the WHIM phase of
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the IGM. The ion can be produced in both cool photoion-
ized gas as well as in a warm collisionally ionized medium
(Savage et al. 2002; Danforth & Shull 2005). Due to this,
it has proven difficult to establish the actual temperature
in the complex Ovi absorbers that could be associated
with warm WHIM gas (Lehner et al. 2006; Tripp et al.
2008).
Absorption at X-ray energies by highly ionized atoms
such as O vii, O viii, N vii, and Ne ix are best suited
for probing the hot phase of the WHIM. Such gas phases
are expected to be part of large scale filaments connect-
ing to the over-dense galaxy cluster and group environ-
ments. Compared to the detections of the warm phase
of the WHIM in the UV and FUV, the X-ray observa-
tions of the highly ionized WHIM at z > 0 have been
less successful primarily due to instrumental limitations
(insufficient spectral resolution and sensitivity). A few
detection claims for gas with z > 0 were reported in
the past (Fang et al. 2002; Nicastro et al. 2005a,b), al-
though the validity of those detections has been chal-
lenged (Kaastra et al. 2006; Bregman 2007; Richter et al.
2008).
The strong resonance transitions of Ne viii λλ770, 7803
are potentially secure probes of collisionally ionized gas
at T ∼ (0.5 − 1.0) × 106 K (Savage et al. 2005). How-
ever, few firm detections of Ne viii exists, primarily due
to the observational limitations in the UV and FUV.
Savage et al. (2005) reported the first ≥ 3 σ detection
of Ne viii in an intervening absorber. The lines were de-
tected at z = 0.20701, along the sight line to the quasar
HE 0226 − 4110. The combined FUSE and STIS spec-
trum of this target facilitated observations of a host of
3 The wavelengths throughout are given as vacuum wavelengths
rounded to the nearest natural number.
2low, intermediate and high ionization metal lines and as-
sociated H i allowing robust constraints for the multiple
gaseous phases in the absorber. Prochaska et al. (2004)
listed a 3.7 σ significance Ne viii detection in the z =
0.49510 metal line system towards PKS 0405−123. With
improved S/N FUSE data for this sight line, we find that
the Ne viii is in fact a non-detection at the 3 σ level, in
agreement with the more complete analysis of this ab-
sorber by Howk et al. (2008). We measure a rest-frame
equivalent width of Wr(Ne viii λ770) = 10.1 ± 8.9 mA˚,
from integrating over the velocity window corresponding
to the Ovi for this absorber. Other than the two cases
above, only upper limits for Ne viii based on 3 σ non-
detections have been reported for metal line absorption
systems (e.g. Richter et al. 2004; Lehner et al. 2006).
The analysis presented in Savage et al. (2005) showed
that detectable amounts of Ne viii are likely to be cre-
ated in gas only under collisional ionization conditions
with T ∼ (0.5 − 1.0) × 106 K. In the z = 0.20701 ab-
sorber, they found the origin of the intermediate ioniza-
tion species such as C iii, N iii, O iii, Si iii, O iv and
S vi to be consistent with a photoionized medium of low
total hydrogen density with nH = 2.6 × 10
−5 cm−3 and
N(H) = 4.6 × 1018 cm−2, and relatively modest neu-
tral fractions (fH i = 2.5 × 10
−4). However, Ovi and
Ne viii required the presence of gas in an entirely differ-
ent phase that was collisonally ionized, with a tempera-
ture of T= 5.4 × 105 K, indicating that these ions were
tracing the warm shock heated gas. Unlike Ovi which
can arise in varied ionization conditions (e.g. Tripp et al.
2001; Prochaska et al. 2004; Danforth & Shull 2005;
Tripp et al. 2008; Oppenheimer & Dave´ 2008), the pres-
ence of Ne viii entails warm gas that is collisionally ion-
ized (Savage et al. 2005). The ion is hence a more reliable
probe for detecting warm collisionally ionized gas in the
low-z universe.
Identifying the environments where absorbers reside
is important for understanding their origin. Obtaining
the redshift of galaxies in the general direction of QSOs
whose spectra contain interesting absorption systems can
provide information about what lies in the vicinity of
those absorbers. The absorber/galaxy association stud-
ies of Stocke et al. (2006) and Wakker & Savage (2009)
reveal that Ovi absorbers are clearly associated with the
extended environments of galaxies. The sites traced by
these absorbers can be the extended halos of galaxies,
intra-group gas, or WHIM filaments containing metals
that connect to the environments of galaxies. Discrimi-
nating among these different possible absorbing sites re-
quires careful work. In the case of the Ne viii system at
z = 0.20701 seen toward HE 0226− 4110 (Savage et al.
2002), the recent redshift study and analysis effort of
Mulchaey & Chen (2009) has shown that the Ne viii ab-
sorption system probably occurs in a cool-hot gas inter-
face in the hot extended halo of an 0.25L∗ galaxy situ-
ated at an impact parameter of 77 kpc from the sight
line. Therefore, detecting absorbers with physical con-
ditions consistent with shock heated collisionally ionized
gas does not necessarily signal the direct detection of
the WHIM. The WHIM is heated though the release of
gravitational potential energy as structures form in the
universe through the gravitational assembly of matter.
The heating process continues as individual galaxies form
and can lead to the production of highly extended hot
halos around galaxies. Although the halos are not part
of the WHIM, they may contain very significant reser-
voirs of baryons and thefore are important for studying
the baryonic content of the universe.
Here we report on the detection of a Ne viii λ770 A˚
absorption feature in a system at z = 0.32566 in the Far
Ultraviolet Spectroscopic Explorer (FUSE) spectrum of
the quasar 3C263, making it the second ever detection of
this ion at ≥ 3 σ significance. In Sec 2 we provide details
on the reduction, analysis and wavelength calibration of
the FUSE data. In Sec 3 we discuss the observed prop-
erties of the lines associated with this system. We then
comment on the multiphase nature of the absorber and
the dominant ionization mechanisms in it. Sec 5 is a
comparison between this system and the Ne viii system
analyzed in Savage et al. (2005). Based on this compar-
ison, we briefly discuss the likely physical conditions in
the gas traced by Ne viii.
2. FUSE OBSERVATIONS
The 3C 263 FUSE observations were obtained through
programs E848 (7.5 ks, Sembach), D808 (3.4 ks, Sem-
bach), G044 (53.8 ks, Shull), and F005 (196.2 ks, Sav-
age). The spectra were processed using the CAL-
FUSE (ver 2.4) pipeline software. The data reduction
procedures are described in Wakker et al. (2003) and
Savage & Lehner (2006). The combined spectrum ex-
tends from 912 - 1185 A˚, but has low S/N for λ < 1000 A˚.
The spectral resolution is ∼ 20 km s−1 (FWHM). An off-
set in velocity for the exposures in each detector segment
was derived by aligning low ionization UV ISM absorp-
tion lines to the 21-cm emission components seen in the
direction of 3C 263 in the LAB survey (Kalberla et al.
2005). The velocity shift is required to correct for align-
ment of spectral features in the FUSE detector segments
between the various exposures. A composite spectrum
was produced by co-adding the observations at each
wavelength. The final spectra for λ > 1000 A˚ only in-
clude observations from the LiF channels, which have
much higher throughput than the SiC channels at these
wavelengths. For display purposes, the spectra in Figure
1 were binned to 8 km s−1 samples corresponding to 2.5
samples per 20 km s−1 resolution element. The photon
statistical S/N per 8 km s−1 sample in the 1014 - 1106 A˚
region (corresponding to 765 - 834 A˚ in the z = 0.32566
rest frame) ranges from S/N = 5− 10 (see the 1 σ pho-
ton counting error spectra in Figure 1). Global and local
continua were fitted to the observations as described in
Wakker et al. (2003). The use of Legendre polynomials
for the continua allowed for an estimate of the contin-
uum fitting errors for each observed absorption line (see
Sembach et al. 1997).
3. OBSERVED PROPERTIES OF THE Z = 0.32566
ABSORPTION LINE SYSTEM
The absorption line system is detected at zabs(O iv) =
0.32566. It was discovered in a systematic search for
all multiple-line metal absorbers in the FUSE spectrum
of 3C 263. The system plot centered on the rest-frame
3of the absorber is shown in Figure 1. Of the Ne viii
doublet, the λ780 A˚ line is blended with Ly γ from an
absorber at z = 0.0634. The blend is confirmed by the
detection of Ly β, Ly δ, C iii λ977 A˚, and N iii λ990 A˚ at
the same redshift. On the other hand the Ne viii λ770 A˚
feature is distinct in the spectrum. We derive an equiv-
alent width of Wr(Ne viii λ770) = 47.0 ± 11.9 mA˚ for
this line in the rest-frame of the absorber. The 1 σ un-
certainty in the above rest-frame measurement incorpo-
rates the continuum placement (4.9 mA˚) and fixed pat-
tern noise (5.0 mA˚) errors along with the statistical un-
certainty (9.6 mA˚), and therefore is a conservative esti-
mate of the detection significance. The separate errors
were combined in quadrature (see Wakker et al. 2003;
Savage et al. 2005, for details on our procedure for error
analysis). The fixed pattern noise estimate for the 1015
- 1025 A˚ region of the FUSE measurement was obtained
by studying the noise in some of the high S/N FUSE
spectra of bright AGNs obtained through multiple ex-
posures with different object alignments on the detector
segments. In cases where the photon count noise was
very small , the observed spectra revealed irregular noise
structures at the level of ∼ 5 mA˚ in the observed refer-
ence frame, which is interpreted as fixed pattern noise.
If we were to consider only the statistical uncertainty
from photon counting (9.6 mA˚), then the significance of
this detection would have been claimed as 4.9 σ. The
Ne viii λ770 A˚ feature is also independently detected in
the LiF 1A and LiF 2B detector channels. In the com-
bined LiF 1A spectrum, the line is measured to have
rest-frame equivalent width of Wr = 37.3 ± 13.1 mA˚,
and in the lower S/N LiF 2B, the line has a measured
strength of Wr = 63.2 ± 21.9 mA˚, over the same wave-
length range. These two independent measurements are
statistically compatible with each other and with the
measurement derived from the combined data.
The Ne viii absorption feature is at velocity coinci-
dent with three other lines whose properties are com-
pletely consistent with an interpretation as O iii λ832 A˚,
O iv λ788 A˚, and N iv λ765 A˚. The rest-frame equiv-
alent widths derived for these lines are listed in Table
1. The low ionization species O ii λ834 A˚ is not de-
tected, with a 3 σ upper limit of 29.8 mA˚ in the ab-
sorber rest-frame. The validity of this absorption system
is further enhanced by the detection of C iv λλ1548, 1550
in the FOS G190H (FWHM = 1.5 A˚) spectrum at
λ ∼ 2052.4 A˚, also reported by Bahcall et al. (1993).
The C iv doublet falls in the wings of the intrinsic Lyα
emission, and also is adjacent to the Nv λλ1238, 1242
emission feature associated with the quasar. A contin-
uum was therefore fit locally to this absorption feature
using a first order polynomial. We derive C iv rest-frame
equivalent widths of Wr(C iv λ1548) = 0.27 ± 0.03 A˚,
and Wr(C iv λ1551) = 0.14 ± 0.03 A˚. We do not have
a reliable measurement on the H i associated with this
absorber. The redshifted Lyα line at 1611.6 A˚ is in
the blue edge of the FOS G190H spectrum obtained by
Bahcall et al. (1993) where the S/N is low. The 1 σ
equivalent width uncertainty at this wavelength is 0.3 A˚.
Based on a non-detection at the 3 σ significance level,
the Lyα equivalent width is therefore only constrained
to Wr < 1 A˚. The higher order Lyman series transitions
are redshifted into the 1209−1360 A˚ wavelength window,
while the existing FOS spectra provide coverage only for
1600− 3300 A˚.
At λ ∼ 1015 A˚ (∆v ∼ +230 km s−1 from the
N iv λ765 A˚ line) a feature is seen with Wobserved =
70.0 ± 13.7 mA˚ in the combined LiF 1A and LiF 2B
measurements shown in Figure 1. This feature is not pro-
duced by the ISM and we could not identify it with any
possible redshifted metal line belonging to other metal
line systems in the spectrum of 3C 263. It is not due
to redshifted Lyγ or higher Lyman series lines, since
no associated longer wavelength Lyman lines were de-
tected. To verify the reliablity of the observation, we
looked separately at the LiF 1A and LiF 2B channel
measurements. The S/N ratio in the LiF 2B chan-
nel observation is lower than for the LiF 1A channel
by a factor of ∼ 2. In the LiF 2B channel obser-
vation, this feature is measured to have a strength of
Wobserved = 172.2 ± 23.6 mA˚ over the wavelength in-
terval of 1014.8 A˚ - 1015.2 A˚, whereas in the LiF 1A
channnel the equivalent width obtained from integrating
over the same interval is Wobserved = 13.0 ± 15.0 mA˚.
Since the feature is virtually absent in the higher S/N
LiF 1A channel observation, we classify this as a spurious
feature.
The line parameters, column density and Doppler
width, for each of the above detected lines observed by
FUSE were obtained using the apparent optical depth
method of Savage & Sembach (1991) with f -values taken
from Verner & Ferland (1996). These measurements are
listed in Table 1. The velocity interval over which the
integrations of the optical depths were carried out are
marked in Figure 1. In the case of O ii, the measurement
is an upper limit on the column density, derived from
the 3 σ equivalent width non-detection, assuming that
the line is on the linear part of the curve of growth. The
1 σ uncertainty in the apparent column density also com-
bines photon counting, continuum placement and fixed
pattern noise errors in quadrature. Single component
Voigt profiles were also fit to each of the detected lines
and the measurements are tabulated in Table 2. The pro-
file fitting procedure takes only the photon counting er-
ror into account. The significance of the Ne viii column
density thus measured is 5.8 σ, which is larger than the
significance measured from the line equivalent width with
conservative estimates of the error. The two C iv lines
detected in the FOS observations yield a doublet ratio of
2.00 ± 0.45. Thus line saturation is not likely. A curve
of growth analysis yields log [C iv cm−2] = 13.87+0.07
−0.04
and b > 40 km s−1. The inferred value of b is consistent
with the O iv and N iv line widths.
There is a strong Lyα feature (Wr = 0.71 ± 0.08 A˚,
Bahcall et al. 1993) detected in the G190H FOS spec-
trum of this quasar at z = 0.4541 for which the asso-
ciated O iii λ702 A˚, if present, would be at the same
wavelength as the Ne viii λ770 A˚ line. However, for this
Lyα absorber no associated metal lines are seen, includ-
ing those of O iv λ787.71 A˚, and N iv λ765.15 A˚, which
are normally expected. Hence we rule this out as a source
of contamination for the Ne viii feature. We also note
4that the wavelength region containing the Ne viii λ770 A˚
line (redshifted to 1021.3 A˚) is not critically affected by
ISM atomic lines or contamination from H2 absorption.
4. ORIGIN OF THE IONIZATION IN THE MULTIPHASE
SYSTEM
In order to assess the physical conditions in the ab-
sorber, and the dominant ionization mechanisms, we first
considered the possibility of the gas being photoionized
by an extragalactic ionizing radiation field as modeled
by Haardt & Madau (1996). With the measured val-
ues of column densities as constraints, we constructed
photoionization models using the ionization code Cloudy
[ver 08.00β, Ferland et al. (1998)] for a range of val-
ues for ionization parameter (log U), metallicity ([Z/H]),
and H i column density. In the models we assume a
solar abundance pattern of elements. We adopt solar
O, N and Ne abundances from Holweger (2001) and
Asplund et al. (2004). Figure 2 shows the Cloudy pho-
toionization curves displaying the model column densi-
ties for the various ionization species under considera-
tion. Our models predict that the intermediate ioniza-
tion species O iii, O iv, N iv and C iv are consistent
with having an origin in a single photoionized phase.
The ionization parameter and gas density in this phase
are constrained by N(O iii)/N(O iv) ∼ 1. As is evident
from Figure 2, such a column density ratio is predicted
for log U = −2.0, which corresponds to nH = 10
−4 cm−3
for the given intensity of the incident ionizing radiation.
The absence of information on H i restricts our abil-
ity to reliably determine the abundances in the ab-
sorber. For the above estimated density, there is a range
of N(H i) values for which a certain combination with
metallicity can produce models that are consistent with
the constraints set by the intermediate ions. A col-
umn density of N(H i) = 1015 cm−2, and [Z/H] = -
0.38 yields one such acceptable single phase solution for
the photoionized medium (see Figure 2). With a de-
crease in N(H i), the metallicity has to increase to re-
cover the observed metal line strengths. This sets a limit
on the H i column density for the photoionized phase.
At low values, such as N(H i) = 1014.6 cm−2, the best
fit model will have a [Z/H]> 0, which is unusual for inter-
galactic gas. However, we note that absorption systems
with super-solar metallicities are known to exist over
a range of H i column densities (Charlton et al. 2003;
Simcoe et al. 2004; Aracil et al. 2006; Prochaska et al.
2006; Misawa et al. 2008). In the same way, an upper
limit for N(H i) can be established by limiting the path
length of the absorber to physically realistic values. At
N(H i) > 1016 cm−2, a density of nH = 10
−4 cm−3
would imply a large line of sight thickness of L > 150 kpc
and a temperature of T > 30, 000 K which is inconsis-
tent with photoionization. Thus, for the photoionized
phase of the absorber, the H i is constrained to within
1014.6 < N(H i) < 1016 cm−2 with a corresponding large
range for metallicity of 0.1 > [Z/H] > −4.0. One of the
possible single phase solutions shown in Figure 2 is de-
fined by a [Z/H] = -0.38, nH = 1.3×10
−4 cm−3, N(H) =
2× 1018 cm−2, T = 1.67× 104 K, fH i = 4.7× 10
−4 and
a path length of L = 5.6 kpc. This model yields a low
chi-square statistic between the observed value of col-
umn density and those predicted by the model. Similar
acceptable models can be derived for other combinations
ofN(H i) and metallicity within the range of values given
above. Finally, we note that the data does not suggest
any significant variation in the relative elemental abun-
dance pattern from solar. The single phase model pre-
dicts that the N/O or C/O is within ∼ 0.2 dex of solar
abundances.
A significant result from the above analysis is that the
Ne viii is not produced in the same temperature and
density medium as the O iii and O iv. For the best
fit single phase photoionization model discussed above,
the derived log N(Ne viii) is ∼ 4 dex lower than the ob-
served value. Assuming the Ne viii phase to be of similar
metallicity as the low-density photoionized gas (a valid
assumption, since they are part of the same system),
in order to recover the observed N(Ne viii) through
photoionization, a gas phase medium with N(H) ∼
1020 cm−2 and a very low density of nH ∼ 5.0 ×
10−6 cm−3 is required. This implies a line of sight thick-
ness of L ∼ 5.6 Mpc, an exceedingly large value for a
single absorber. Moreover, the line width due to Hub-
ble broadening from such a wide path length will be a
factor of ∼ 8 larger than the measured Doppler width of
49.8 ± 5.5 km s−1 for the Ne viii line (see Table 1). The
models show that for the N(H) to be lowered by even
∼ 1 dex from the above value, and thus reduce the path
length, the metallicity has to be supersolar ([Z/H] > 1).
The most tenable idea for the origin of Ne viii is colli-
sional ionization in hot gas (T > 5× 105 K). Under col-
lisional ionization equilibrium (CIE), the ionization frac-
tion of Ne viii depends entirely on the temperature, and
peaks at T = 7 × 105 K (Sutherland & Dopita 1993).
Within the temperature regime of (0.4 − 6) × 105 K,
Ne viii undergoes a steep increase of ∼ 6 dex in ionic
density. The ion is therefore a very sensitive probe of
temperature in a collisionally ionized medium. For our
detected absorber, we do not have sufficient constraints
to determine the exact physical conditions in its colli-
sionally ionized phase. Either direct information on the
broad H i component associated with this phase, or ob-
servation of another high ion (such as Ovi) is necessary
so that the observed and expected values under colli-
sional ionization equilibrium can be compared for a spe-
cific temperature in the gas. Yet, as we illustrate in the
next section, some insights can be gained through com-
parison with z = 0.20701 Ne viii system described in
Savage et al. (2005).
5. SIMILARITY BETWEEN THE TWO SYSTEMS WITH
DETECTED Ne viii ABSORPTION
The z = 0.20701 system along the HE 0226 − 4110
sight line was identified as a multi-phase photoionized
and collisionally ionized absorber by Savage et al. (2005).
Ionization models with strong constraints from several
line measurements (Lyα to Lyθ, C iii, O iii, O iv, Ovi,
N iii, Si iii and S vi) showed that the absorber is trac-
ing a multiphase medium composed of a relatively cool
(T ∼ 2×104 K) photoionized phase of modest ionization
detected via the intermediate ionization species, and a
warm (T ∼ 5× 105 K) collisionally ionized phase traced
via Ovi and (more importantly) Ne viii. The O iv col-
5umn density in Savage et al. (2005) is given as a lower
limit (Na > 3.2 × 10
14 cm−2) due to the O iv λ788 A˚
line blending with ISM O i λ950 A˚. The measurement for
N iv is omitted due to the redshifted λ765 A˚ line being
placed in the Galactic high velocity cloud portion of the
H i λ923 A˚ feature. The O iii column densities however
are firm measurements in both systems and are within
1 σ of each other (see Table 1). The density estimated
for the photoionized phase in both absorbers are compa-
rable (nH ∼ 10
−4 cm−3), and the ionization correction
relatively large (fH i ∼ 10
−4).
It is interesting to note that the Ne viii in the two sys-
tems are similar in observed properties. The N(Ne viii)
in the two absorbers are within 0.13 dex of each other,
and the Ne viii λ770 A˚ rest-frame equivalent width
within 1.5σ (see Table 1). In Savage et al. (2005), a colli-
sionally ionized phase was found necessary to reproduce
the observed Ne viii and Ovi. The additional constraint
from Ovi [N(Ne viii)/N(Ovi) = 0.3] was used to derive
the temperature in the warm plasma (T = 5.4× 105 K).
As it turns out, Ovi is not as sensitive a probe of shock-
heated gas as Ne viii. The Ovi can be produced in
both low density cool photoionized medium as well as
warm collisionally ionized gas (e.g. Savage et al. 2002;
Danforth & Shull 2005; Tripp et al. 2008).
For the photoionized phase in the system that we
present, the model predicts N(Ovi) = 1.6 × 1012 cm−2
(see Figure 2). Such a low column density feature can
only be detected at sufficiently high S/N in the FUV. In
Savage et al. (2005), photoionization significantly under-
predicted the amount of Ovi required to explain the
data for the lower states of ionization. The amount
of Ovi from the collisionally ionized gas was ∼ 2 dex
larger compared to the contribution from the photoion-
ized medium. It is therefore important to observe the
redshifted Ovi λλ1031, 1037 lines associated with the
z = 0.32566 system, to determine with precision the con-
ditions in the Ne viii gas. The H i associated with such
hot gas is going to be broad (b ∼ 100 km s−1), and also
shallow (τ = 0.024, if N(H)= 1020 cm−2) since the gas
is also heavily ionized with fH i ∼ 10
−6 (Savage et al.
2005). Direct H i observations will potentially confirm
the presence of a such a broad component consistent with
a collisional ionization origin. We note that 3C 263 is
slated for observation with the Cosmic Origins Spectro-
graph (COS).
In Ovi intervening absorbers with solar elemen-
tal abundance ratios, collisional ionization equilib-
rium conditions can give rise to detectable amounts
of Ne viii [N(Ne viii) & 1014 cm−2] at tempera-
tures T > 5 × 105 K (Sutherland & Dopita 1993;
Savage et al. 2005). In Savage et al. (2005), the
Wr(Ovi λ1032)/Wr(Ne viii λ770) ∼ 1 was recovered
from a collisionally ionized gas phase with T = 5.4 ×
105 K. As explained earlier, separate ionization mech-
anisms are capable of producing Ovi, which implies
that Ne viii might not always be associated with Ovi
systems. For the four Ovi absorbers in Richter et al.
(2004) that had coverage, Ne viii was reported as a non-
detection at the 3 σ significance. In Lehner et al. (2006),
only one out of four Ovi absorbers had a ≥ 3 σ signifi-
cance Ne viii feature (Savage et al. 2005). In the low-z
universe (z < 0.5), the rate of incidence of Ovi systems
with Wr > 30 mA˚ per unit redshift is estimated to be
dN(Ovi)/dz ∼ 15 (e.g. Lehner et al. 2006; Tripp et al.
2008). Based on the above (limited) information on the
association of Ne viii with Ovi, we estimate the num-
ber of intervening Ovi absorbers (Wr > 30 mA˚) with
Ne viii to be dN/dz ∼ 1/7 × dN(Ovi)/dz ∼ 2.1 for
z < 0.54. The Ne viii detection reported in this paper
has been excluded from the above calculation since the
FUSE spectral window on 3C 263 was inadequate for a
simultaneous search for Ovi and associated Ne viii over
any path length.
Although the estimated value of dN/dz ∼ 2.1 for
Ne viii absorbers is highly uncertain, it is still interest-
ing to use this number to estimate the possible bary-
onic content in these absorbers. Using equation 9 of
Rao & Turnshek (2000) and the assumption that the
typical Ne viii system has the properties of the sys-
tem at z = 0.20701 seen toward HE 0226 − 4110 with
T = 5.4× 105 K, N(H) = 8.3× 1019 cm−2, and [Ne/H]=
−0.5 (Savage et al. 2005), we evaluate the baryonic con-
tribution to the closure density by Ne viii systems to
be Ωb(Ne viii) ∼ 0.0026
5. With Ωb(total) = 0.045,
and Ωb(galaxies) = 0.0035 (Fukugita & Peebles 2004),
the Ne viii systems may thus contain ∼ 6 % of the
baryons. This value is comparable to the baryonic con-
tent of galaxies at low-z. Note that the above estimate
depends on the frequency of incidence of these absorbers,
the assumed metallicity, and the correctness of the de-
rived N(H) for the collisionally ionized gas. It is inde-
pendent of where the Ne viii absorbers are actually lo-
cated. The result illustrates the importance of obtaining
detailed information on the properties of Ne viii systems
and their frequency of occurrence in the universe.
6. CONCLUSION
We have presented the detection of Ne viii λ770 A˚
line at z = 0.32566 in the FUSE spectrum of 3C 263.
The measurement is significant at the 3.9σ level, making
it one of only two ≥ 3σ detections of this ion in inter-
vening absorbers. We also detect O iii, O iv and N iv
associated with this system in the FUSE spectrum and
C iv λλ1548, 1550 lines in the FOS data. These interme-
diate ionization species are consistent with a single phase
photoionization solution in a medium with a low density
(nH ∼ 10
−4 cm−3). The ratio between the measured
column densities of C iv, N iv, and O iv compared with
the photoionization model predictions indicate that the
relative abundances of C, N, O in this phase are likely
within ∼ 0.2 dex of solar abundances. The Ne viii in
this absorber is inconsistent with having an origin in a
medium that is predominantly photoionized. The ab-
sorber is a multi-phase system in which the Ne viii is
produced via collisional ionization in a warm plasma,
whose temperature corresponds to T ∼ (0.5−1)×106 K.
4 Out of the eight systems in Richter et al. (2004) and
Lehner et al. (2006) combined, one of the Ovi systems in
Richter et al. (2004) has Wr(Ovi λ1032) < 30 mA˚ and thus is
excluded from the estimation. Hence the scaling factor for dN/dz
is one-seventh.
5 For Ho = 70 km s−1 Mpc−1
6More detailed constraints on the physical state of this gas
can be obtained only through direct observations of the
Ovi and H i absorption associated with this system.
To better understand the origin of this absorber, it is
also important to determine its actual physical location.
Measures of the redshift of galaxies in the general direc-
tion of 3C 263 would allow the determination of whether
the absorber is tracing the extended halo of an interven-
ing galaxy, intragroup gas, or possibly a structure of the
WHIM connecting galaxies. The analysis presented here,
in general, confirms the importance of Ne viii as a new
probe of collisionally ionized gas in the low-z universe.
The prospects for discovering other such systems is going
to be considerably augmented in the HST/COS era.
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7TABLE 1
Metal Line Measurements
ion λrest (A˚) Wr (mA˚) log N (cm−2) b (km s−1)
3C263, z = 0.32566 system
Ne viii 770.409 47.0 ± 11.9 [9.6, 4.9, 5.0]a 13.98+0.10
−0.13 49.8 ± 5.5
O iii 832.927 95.1 ± 10.1 [7.9, 3.8, 5.0]a 14.25+0.05
−0.06 42.0 ± 2.6
O iv 787.711 79.2 ± 8.8 [6.4, 3.5, 5.0]a 14.21+0.05
−0.06 35.8 ± 1.9
N iv 765.148 97.5 ± 14.6 [12.0, 6.6, 5.0]a 13.57+0.07
−0.08 51.7 ± 4.4
O ii 834.465 < 29.8b < 13.2b −−
C ivc 1548.204 273.3 ± 28.5[24.1, 15.2, 0]
13.87+0.07
−0.04
> 40
C ivc 1550.781 136.4 ± 27.8[24.9, 12.4, 0]
HE 0226 − 4110, z = 0.20701 systemd
Ne viii 770.409 32.9 ± 10.5 13.85+0.12
−0.17 28.3 ± 8.8
O iii 832.927 90.8 ± 12.4 14.30+0.06
−0.06 23.1 ± 3.1
O iv 787.711 > 91.9 > 14.50 > 17.4
Ovi 1031.926 169 ± 15.3 14.36 ± 0.05 29 ± 2.1
Ovi 1037.617 112 ± 10.4 14.38 ± 0.04 31.3 ± 1.7
Note. — The apparent column density method of Savage & Sembach (1991) was used
to derive the column density (Na), except for C iv and O ii where the values are based
on curve of growth method. The integration intervals are marked in the Figure 1 system
plot. The Ne viii λ780 A˚ line is affected by strong contamination from a Lyman-γ feature
at z = 0.4541. The 1 σ error given in these measurements is a combination in quadrature
of the statistical error, continuum placement error and fixed pattern noise.
a The values in the square brackets are the statistical uncertainty, continuum placement
error, and fixed-pattern noise for the respective measurements.
b This is a non-detection and the values are therefore 3 σ upper limits.
c This line is detected in the FOS G190H grating spectrum of 3C 263 (Bahcall et al.
1993). We derive the equivalent widths by integrating over the velocity interval [-250,
250] km s−1. The column density was derived using curve of growth analysis.
d These measurements are taken from Savage et al. (2005). The H i column density
measurement from the best-fit profile for this system has two components at v = 5 km s−1
and v = −24 km s−1, with log [N cm−2] = 14.89 ± 0.04 and 15.06 ± 0.03 respectively
and corresponding b = 35.9 ± 1.1 km s−1 and 17.4 ± 1.0 km s−1 respectively. These
measurements are limited by the lack of information on the true component structure
seen for the Lyman series lines. The numerous other ions detected for this system are not
listed here.
TABLE 2
Voigt Profit Fit Results
ion v (km s−1) χ2ν log N (cm
−2) b (km s−1)
Ne viii −13.82 0.842 14.06 ± 0.08 52.4 ± 8.8
O iii 4.90 0.809 14.24 ± 0.03 41.6 ± 3.4
O iv 0.54 0.424 14.26 ± 0.02 35.0 ± 2.1
Note. — Single component Voigt profile parameterization
of the lines. The 0 km s−1 corresponds to the system redshift
given by the O iv line profile. The fitting of the line profiles
was carried using the routines AUTOVP (Dave´ et al. 1997)
and MINFIT (Churchill et al. 2003). The 1 σ uncertainty
in these derived quantities account only for the statistical
(photon counting) error. Therefore the column density errors
listed here are substantially smaller than the more realistic
errors given in Table 1.
8Fig. 1.— System plot of the z = 0.32566 absorber in the FUSE 3C 263 sight line. The vertical axis is the continuum normalized
flux, the horizontal axis the rest-frame velocity of the lines detected, with 0 km s−1 corresponding to the redshift of the system
given by the O iv line. The 1 σ photon counting error spectrum per bin (see Sec 2) is plotted in the bottom of each panel.
Above each feature is marked the velocity interval for the apparent column density integrations. The O ii λ834 A˚ line is not
detected at ≥ 3 σ significance, and the equivalent width limit is derived by integrating over the same velocity window as O iv.
The Ne viii λ780 A˚ is heavily blended with the H i λ972 A˚ of an absorber at z = 0.0634. The few pixels on the red region of
this feature appears to be unblended from comparing by-eye with the Ne viii λ770 A˚, and we have marked this in the spectrum
for convenience. The other dominant absorption features in the various plot windows are also identified and labeled. In the
Ne viii λ780 A˚ panel, the strong features at 548 km s−1 and 388 km s−1 are the C ii λ1036 A˚ absorption from the Galaxy at
v = 0 km s−1 and high velocity cloud Complex C at v = −160 km s−1.
9Fig. 2.— A photoionization model for the z = 0.32566 system. The curves show the run of column density with ionization
parameter (log U) for a given N(H i) and [Z/H]. The predictions of this relatively best-fit model (χ2 = 7.8, fitted to 4 ions) are
given within the figure panel. The top horizontal axis is the density of the photoionized medium derived using the expression
log nH = log nγ− log U , where nγ is the number density of ionizing photons with hν ≥ 13.6 eV from the background radiation
field at z = 0.32566 modeled by Haardt & Madau (1996). The measured column densities (see Table 1) are marked using big
symbols. The O ii, O iii, O iv, and N iv constraints are from FUSE and C iv from FOS data. The thick lines on the curves
are the 1 σ uncertainty in the derived column density of each ion. The total N(H) = N(H i)+N(H ii) is scaled down by 3 dex
to fit within the plot window. The measured O ii column density is an upper limit and is therefore marked with a downward
pointing arrow. The Ne viii column density is not marked in the figure as the photoionization models are unable to recover
it from this same phase. For comparison, the model column densities for Ovi in this photoionized phase are also shown. The
amount of Ovi expected in the photoionized gas is only N(Ovi) ∼ 1012.2 cm−2.
